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1. 

SYSTEMAND METHOD FOR SUPPORTING 
BANDWIDTH REQUESTS IN A HANDOVER 

This application claims the benefit of U.S. Provisional 
Application No. 61/311,160, filed Mar. 5, 2010, entitled “A 
Method for Bandwidth Request,” which application is hereby 
incorporated herein by reference. 

TECHNICAL FIELD 

The present invention relates generally to wireless commu 
nications, and more particularly to a system and method for 
Supporting bandwidth requests in a handover. 

BACKGROUND 

In general, a handover occurs in a communications system 
when a mobile station or simply MS (also commonly referred 
to as a communications device, user equipment, Subscriber, 
user, and so forth) moves out of a coverage area of a first base 
station or simply BS (also commonly referred to as a NodeB, 
enhanced NodeB, base terminal station, controller, and so on) 
and into a coverage area of a second BS, and control of the MS 
changes from the first base station to the second BS. 

In order to maintain expected performance levels and/or 
meet quality of service (QoS) requirements, existing band 
width requirements of the MS should be preserved when the 
MS changes from the first BS to the second BS. If existing 
bandwidth requirements are not preserved, the MS may expe 
rience decreased performance levels, failure to meet one or 
more QoS requirements, dropped connections, and so on. 

SUMMARY OF THE INVENTION 

These and other problems are generally solved or circum 
vented, and technical advantages are generally achieved, by 
preferred embodiments of the present invention which pro 
vide a system and method for Supporting bandwidth requests 
in a handover. 

In accordance with a preferred embodiment of the present 
invention, a method for mobile station operations is provided. 
The method includes transmitting a first message, receiving a 
second message responsive to the first message, and initiating 
a handover with the target controller and the serving control 
ler. The first message includes an incremental bandwidth 
request, the second message includes an indicator indicating 
that a target controller has allocated resources at least equal to 
a total bandwidth required by the mobile station, and the total 
bandwidth required by the mobile station is provided by a 
serving controller or maintained by the target controller. 

In accordance with another preferred embodiment of the 
present invention, a method for serving controller operations 
is provided. The method includes receiving a first message 
from a mobile station, the first message includes an incremen 
tal bandwidth request, transmitting a second message to a 
target controller, the second message includes a bandwidth 
request based on the incremental bandwidth request, and 
transmitting a third message to the mobile station, the third 
message includes a response to the first message. The method 
further includes participating in a handover with the target 
controller and the mobile station. 

In accordance with another preferred embodiment of the 
present invention, a method for target controller operations is 
provided. The method includes receiving a first message, 
receiving a second message, allocating carriers based on the 
bandwidth request and the total bandwidth requirement for 
the mobile station, transmitting a third message, and partici 
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2 
pating in a handover. The first message includes a total band 
width requirement for a mobile station, the second message 
includes abandwidth request, and the third message includes 
an indication of the allocated carriers. 

In accordance with another preferred embodiment of the 
present invention, a communications device is provided. The 
communications device includes a transmitter, a receiver 
coupled to the transmitter, and a handover unit coupled to the 
transmitter and to the receiver. The transmitter transmits a 
first message; the first message includes an incremental band 
width request. The receiver receives a second message 
responsive to the first message; the second message includes 
an indicator indicating that a target controller has allocated 
resources at least equal to a total bandwidth required by a 
mobile station, and the handover unit initiates a handover 
with the target controller and a serving controller. 
An advantage of an embodiment is that a target BS knows 

a bandwidth requirement of a MS prior to a handover is 
permitted to proceed so that the target BS may allocate 
resources to meet or exceed the bandwidth requirements of 
the MS. By meeting the bandwidth requirements of the MS 
prior to the completion of the handover, the performance of 
the MS is maintained. 
A further advantage of an embodiment is that signaling of 

bandwidth requests from the MS using incremental band 
width requests or aggregate bandwidth requests are main 
tained, thereby allowing for a reduction in overhead in band 
width requests as well as overall signaling overhead. 
The foregoing has outlined rather broadly the features and 

technical advantages of the present invention in order that the 
detailed description of the embodiments that follow may be 
better understood. Additional features and advantages of the 
embodiments will be described hereinafter which form the 
subject of the claims of the invention. It should be appreciated 
by those skilled in the art that the conception and specific 
embodiments disclosed may be readily utilized as a basis for 
modifying or designing other structures or processes for car 
rying out the same purposes of the present invention. It should 
also be realized by those skilled in the art that such equivalent 
constructions do not depart from the spirit and scope of the 
invention as set forth in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present inven 
tion, and the advantages thereof, reference is now made to the 
following descriptions taken in conjunction with the accom 
panying drawing, in which: 

FIG. 1 is a drawing of a communications system; 
FIG. 2a is a drawing of a transmission of a bandwidth 

request (BR) to a serving BS, wherein the BR is an incremen 
tal BR: 

FIG.2b is a drawing of a transmission of a BR to a serving 
BS, wherein the BR is an aggregate BR: 

FIG. 3 is a drawing of a message exchange in a handover; 
FIG. 4a is a drawing of a message exchange in a handover, 

wherein the total amount of bandwidth needed by a MS is 
indicated to a target BS using a first technique; 

FIG. 4b is a flow diagram of MS operations in a handover, 
wherein the total amount of bandwidth needed by a MS is 
indicated to a target BS using a first technique; 

FIG. 4c is a flow diagram of serving BS operations in a 
handover, wherein the total amount of bandwidth needed by 
a MS is indicated to a target BS using a first technique; 

FIG. 4d is a flow diagram of target BS operations in a 
handover, wherein the total amount of bandwidth needed by 
a MS is indicated to the target BS using a first technique; 
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FIG. 5a is a drawing of a message exchange in a handover, 
wherein the total amount of bandwidth needed by a MS is 
indicated to a target BS using a first technique; 

FIG. 5b is a flow diagram of MS operations in a handover, 
wherein the total amount of bandwidth needed by a MS is 
indicated to a target BS using a first technique; 

FIG. 5c is a flow diagram of serving BS operations in a 
handover, wherein the total amount of bandwidth needed by 
a MS is indicated to a target BS using a first technique; 

FIG. 5d is a flow diagram of target BS operations in a 
handover, wherein the total amount of bandwidth needed by 
a MS is indicated to the target BS using a first technique; 

FIG. 6a is a drawing of a message exchange in a handover, 
wherein the total amount of bandwidth needed by a MS is 
indicated to a target BS using a first technique; 

FIG. 6b is a flow diagram of MS operations in a handover, 
wherein the total amount of bandwidth needed by a MS is 
indicated to a target BS using a first technique; 

FIG. 6c is a flow diagram of serving BS operations in a 
handover, wherein the total amount of bandwidth needed by 
a MS is indicated to a target BS using a first technique; 

FIG. 6d is a flow diagram of target BS operations in a 
handover, wherein the total amount of bandwidth needed by 
a MS is indicated to the target BS using a first technique; and 

FIG. 7 is a diagram of a communications device. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

The making and using of the presently preferred embodi 
ments are discussed in detail below. It should be appreciated, 
however, that the present invention provides many applicable 
inventive concepts that can be embodied in a wide variety of 
specific contexts. The specific embodiments discussed are 
merely illustrative of specific ways to make and use the inven 
tion, and do not limit the scope of the invention. 

The present invention will be described with respect to 
preferred embodiments in a specific context, namely a 
WiMAX compliant wireless communications system. The 
invention may also be applied, however, to other communi 
cations systems that are adherent to technical standards that 
permit handovers, such as Third Generation Partnership 
Project (3GPP) Long Term Evolution (LTE) and so on. 

FIG. 1 illustrates a communications system 100. Commu 
nications system 100 includes a first BS (BS 1) 105 and a 
second BS (BS 2) 106. First BS 105 has a first coverage area 
110 and second BS 106 has a second coverage area 111. Also 
in communications system 100 is a MS 115. As shown in FIG. 
1, MS 115 is served by first BS 105. However, due to the 
mobility of MS 115, MS 115 is approaching an outer range of 
first coverage area 110 and entering second coverage area 
111. 
As MS 115 approaches the outer range of first coverage 

area 110 and enter second coverage area 111, a signal quality 
of transmissions to and from first BS 105 may begin to drop, 
while the signal quality of transmissions from second BS 106 
may begin to rise. As a result, MS 115 may become a candi 
date for a handover, wherein control of MS 115 may change 
from first BS 105 to second BS 106. The handover from first 
BS 105 to second BS 106 may involve an establishment of a 
connection between MS 115 and second BS 106 and a break 
ing of a connection between MS 115 and first BS 105. 

Since first BS 105 is serving MS 115 prior to the handover, 
first BS 105 may be referred to as a serving BS, while second 
BS 106 may be a target of the handover, second BS 106 may 
be referred to as a target BS. Once the handover is complete, 
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4 
second BS 106 becomes the serving BS and first BS 105 
(formerly the serving BS) no longer serves MS 115. 

FIG. 2a illustrates a transmission of a bandwidth request 
(BR) to a serving BS, wherein the BR is an incremental BR. 
As shown in FIG. 2a, when a MS 205 requires additional 
bandwidth, MS 205 may transmit a message to a BS 210, 
wherein the message includes an incremental BR (INCBR). 
An INC BR specifies an amount of increase bandwidth in an 
existing bandwidth allocation to MS 205, instead of specify 
ing a total amount of bandwidth to be allocated to MS 205. As 
an example, if MS 205 is already allocated 128 kbps, an INC 
BR of 10 kbps would result in a total bandwidth of 138 kbps 
being allocated to MS 205. 
An advantage of requesting increases in bandwidth using 

INC BR may be that since only an increase in bandwidth is 
signaled, signaling the BR may be smaller since fewer bits 
may be used to signal the increase in bandwidth rather than to 
signal the total amount of bandwidth. 
FIG.2b illustrates a transmission of a BR to a serving BS, 

wherein the BR is an aggregate BR. As shown in FIG. 2b, 
when a MS 255 requires additional bandwidth, MS 255 may 
transmit a message to BS 260, wherein the message includes 
an aggregate BR (AGG BR). An AGG BR specifies the total 
amount of bandwidth to be allocated to MS 255. As an 
example, if MS 255 is already allocated 128 kbps and wishes 
10 additional kbps, MS 255 may signal an AGG BR of 138 
kbps to BS 260. 
An advantage of requesting increases in bandwidth using 

AGG BR may be that the serving BS (e.g., BS 260) may not 
need to keep track of a total bandwidth allocated to a MS (e.g., 
MS 255) nor does the serving BS need to compute the total 
bandwidth to allocate to the MS, which may involve multiple 
computations if the total bandwidth allocated to the MS is not 
maintained. 

FIG. 3 illustrates a message exchange 300 in a handover. 
As discussed previously, a handover involves a MS, a serving 
BS, and at least one target BS. Message exchange 300 
includes messages exchanged between a MS 305, a serving 
BS310, and a target BS 315, wherein target BS 315 is one of 
many target BS and is an actual target BS that performs the 
handover. 

Message exchange 300 may begin with MS 305 sending a 
handover request message to serving BS 310 (event 320). The 
handover request message may be in response to a message 
sent to MS 305 by serving BS 310 when serving BS 310 
notices that a signal quality of transmissions from MS 305 
may be dropping. Alternatively, the handover request mes 
sage may be in response to a signal measurement message 
sent to MS 305 by serving BS 310. The handover request 
message may include a BR, either in the form of an INCBR 
or an AGG BR. 

Serving BS 310 may send a request carrier allocation mes 
sage to target BS 315 (event 322). Request carrier allocation 
message may include the BR sent to serving BS 310 by MS 
305. According to the WiMAX technical standards, serving 
BS 310 may forward the BR to target BS 315 unchanged. 
Target BS 315 may allocate carriers to MS 305 based on the 
BR and return a carrier allocation response message to serv 
ing BS 310 (event 324). The carrier allocation response mes 
sage may include an indication that target BS 315 has allo 
cated carrier(s) for MS 305 and is ready to serve MS 305. 

Serving BS 310, upon receipt of the carrier allocation 
response message from target BS 315, may send a handover 
request message to MS 305 (event 326). The handover 
request message may include an indication that a target BS 
(e.g., target BS 315) has accepted the handover request from 
MS305 and has allocated carrier(s) to support the BR sent by 
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MS 315. MS 305 may then initiate a handover with serving 
BS 310 and target BS 315 (event 328). The handover may 
include a termination of a connection with serving BS 310 
(block 330) and an establishment of a connection with target 
BS 315 (block 332). With the handover complete, MS 305 
and target BS 315, now a serving BS for MS 305, may begin 
communications while being served by target BS 315. 

Although message exchange 300 illustrates a Successful 
completion of a handover, if the BR sent by MS 305 was an 
INC BR, it is very likely that target BS 315 allocated less 
bandwidth to MS 305 than actually needed. With less band 
width than actually needed, the performance of connections 
of MS 305 may be severely impacted and some connections 
may even be dropped. Furthermore, with an inaccurate total 
amount of bandwidth needed by MS305, target BS 315 may 
have erroneously agreed to serve MS 305. 

FIG. 4a illustrates a message exchange 400 in a handover, 
wherein the total amount of bandwidth needed by a MS is 
indicated to a target BS using a first technique. Message 
exchange 400 includes messages exchanged between a MS 
405, a serving BS 407, and a target BS 409, wherein target BS 
409 is one of many target BS and is an actual target BS that 
performs the handover. 

Message exchange 400 may begin with MS 405 sending a 
handover request message to serving BS 407 (event 411). The 
handover request message may be in response to a message 
sent to MS 405 by serving BS 407 when serving BS 407 
notices that a signal quality of transmissions from MS 405 
may be dropping. Alternatively, the handover request mes 
sage may be in response to a signal measurement message 
sent to MS 405 by serving BS 407. The handover request 
message may include a BR, in the form of an INC BR. 

Serving BS 407 may then compute a total amount of band 
width required by MS 405 (block 413). According to an 
embodiment, if serving BS 407 already has a total amount of 
bandwidth allocated to MS 405, serving BS 407 may simply 
add the bandwidth in the INC BR to the total amount of 
bandwidth to determine the total amount of bandwidth 
required by MS 405. Alternatively, serving BS 407 may com 
bine its last value for the total amount of bandwidth allocated 
to MS 405 and any intermediate INC BR (including the INC 
BR contained in the handover request message just received 
from MS 405) to determine the total amount of bandwidth 
required by MS 405. 

Serving BS 407 may send a request carrier allocation mes 
sage to target BS 409 (event 415). Request carrier allocation 
message may include an indication of the total amount of 
bandwidth required by MS 405. Target BS 409 may allocate 
carriers to MS 405 based on the total amount of bandwidth 
required by MS 405 and return a carrier allocation response 
message to serving BS 407 (event 417). The carrier allocation 
response message may include an indication that target BS 
409 has allocated carrier(s) for MS 405 and is ready to serve 
MS 405. A remainder of the handover may proceed as 
described previously in FIG. 3. 

FIG. 4b illustrates a flow diagram of MS operations 420 in 
a handover, wherein the total amount of bandwidth needed by 
a MS is indicated to a target BS using a first technique. MS 
operations 420 may be indicative of operations occurring in a 
MS, such as MS 405, as the MS participates in a handover 
from a serving BS to a target BS. MS operations 420 may 
occur while the MS is in a normal operating mode. 
MS operations 420 may begin with the MS initiating a 

handover with a handover request message sent to its serving 
BS (block 425). The handover request message may include 
a BR in the form of an INC BR. The MS may subsequently 
receive a handover request response message from the Serv 
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6 
ing BS, wherein the handover request response message may 
include an indication that the target BS has allocated suffi 
cient resources for the MS (block 427). The MS may then 
commence the handover with the serving BS and the target 
BS (block 429). According to an embodiment, the handover 
may include the MS terminating its connection(s) with the 
serving BS and establishing a connection(s) with the target 
BS, and so on. After the handover completes, the MS may 
communicate with its new serving BS, formerly the target BS 
(block 431). MS operations 420 may then terminate. 

FIG. 4c illustrates a flow diagram of serving BS operations 
435 in a handover, wherein the total amount of bandwidth 
needed by a MS is indicated to a target BS using a first 
technique. Serving BS operations 435 may be indicative of 
operations in a serving BS, such as serving BS 407, as the 
serving BS participates in a handover with a MS and a target 
BS. Serving BS operations 435 may occur while the serving 
BS is in a normal operating mode. 

Serving BS operations 435 may begin with the serving BS 
receiving a handover request message from the MS (block 
440). According to an embodiment, the handover request 
message may include a BR in the form of an INC BR. The 
serving BS may then compute a total amount of bandwidth 
that the MS requires, i.e., an AGG BR (block 442). According 
to an embodiment, the total amount of bandwidth that the MS 
requires may be a combination of INCBRs received from the 
MS (i.e., previous INC BRs) and a previous AGG BR. The 
serving BS may then send a carrier allocation request mes 
sage to the target BS, wherein the carrier allocation request 
message includes the total amount of bandwidth that the MS 
requires, i.e., the AGG BR (block 444). 
The serving BS may subsequently receive a carrier alloca 

tion request response message from the target BS with an 
indication that the target BS has allocated resources sufficient 
to support the MS, i.e., the target BS has allocated resources 
to support the AGG BR (block 446). The serving BS may then 
send a handover request response message to the MS, 
wherein the handover request response message includes an 
indication that the target BS has allocated sufficient resources 
for the MS (block 448). The serving BS may then participate 
in the handover, which may include terminating connections 
with the MS and freeing resources previously allocated to the 
MS (block 450). Serving BS operations 435 may then termi 
nate. 

FIG. 4d illustrates a flow diagram of target BS operations 
455 in a handover, wherein the total amount of bandwidth 
needed by a MS is indicated to the target BS using a first 
technique. Target BS operations 455 may be indicative of 
operations occurring in a target BS. Such as target BS 409, as 
the target BS participates in a handover with a MS and a 
serving BS. Target BS operations 455 may occur while the 
target BS is in a normal operating mode. 

Target BS operations 455 may begin with the target BS 
receiving a carrier allocation request message from the serv 
ing BS (block 460). According to an embodiment, the carrier 
allocation request message includes an AGG BR so that the 
target BS knows exactly how much bandwidth the MS 
requires. The target BS may then allocate carriers to provide 
sufficient bandwidth to meet the requirements of the MS 
(block 462). The target BS may then send a carrier allocation 
request response message to the serving BS of the MS (block 
464). The carrier allocation request response message may 
include an indication that the target BS has allocated suffi 
cient carriers to meet the bandwidth requirements of the MS. 
The target BS may then participate in the handover (block 

466). Participation in the handover may include the target BS 
establishing a connection(s) with the MS, and so on. With the 
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connection(s) established, the target BS becomes the serving 
BS of the MS and communications between the MS and the 
serving BS (former target BS) may commence (block 468). 
Target BS operations 455 may then terminate. 

FIG. 5a illustrates a message exchange 500 in a handover, 
wherein the total amount of bandwidth needed by a MS is 
indicated to a target BS using a second technique. Message 
exchange 500 includes messages exchanged between a MS 
505, a serving BS507, and a target BS 509, wherein target BS 
509 is one of many target BS and is an actual target BS that 
performs the handover. 

Message exchange 500 may begin with MS 505 sending a 
message to target BS 509, wherein the message includes a 
total amount of bandwidth currently being used by MS 505 
(event 511). According to an embodiment, MS 505 may peri 
odically send updates of the total amount of bandwidth that it 
is currently using. According to an alternative embodiment, 
MS 505 may send an update to target BS 509 whenever it 
detects a new target BS. According to yet another alternative 
embodiment, MS 505 may send an update when MS 505 
determines that its bandwidth requirements have changed by 
more than a specified amount, when MS 505 has requested a 
specified number of changes (e.g., increases) in its bandwidth 
allocation from serving BS 507, and so forth. 

Message exchange 500 may then continue with MS 505 
sending a handover request message to serving BS 507 (event 
513). The handover request message may be in response to a 
message sent to MS 505 by serving BS 507 when serving BS 
507 notices that a signal quality of transmissions from MS 
505 may be dropping. Alternatively, the handover request 
message may be in response to a signal measurement mes 
sage sent to MS505 by serving BS507. The handover request 
message may include a BR, in the form of an INC BR. 

Serving BS 507 may send a request carrier allocation mes 
sage to target BS 509 (event 515). Request carrier allocation 
message may include an indication of the INCBR from MS 
505. Target BS 509 may then compute a total amount of 
bandwidth required by MS 505 by combining the INC BR 
with the AGG BR provided by MS 505 (e.g., in event 511) 
(block 517). Target BS may also allocate carriers to MS 505 
based on the total amount of bandwidth required by MS 505 
and return a carrier allocation response message to serving 
BS 507 (event 519). The carrier allocation response message 
may include an indication that target BS 509 has allocated 
carrier(s) for MS505 and is ready to serve MS 505. A remain 
der of the handover may proceed as described previously in 
FIG. 3. 

FIG. 5b illustrates a flow diagram of MS operations 520 in 
a handover, wherein the total amount of bandwidth needed by 
a MS is indicated to a target BS using a second technique. MS 
operations 520 may be indicative of operations occurring in a 
MS, such as MS 505, as the MS participates in a handover 
from a serving BS to a target BS. MS operations 520 may 
occur while the MS is in a normal operating mode. 
MS operations 520 may begin with the MS sending a total 

bandwidth requirement to the target BS (block 525). The MS 
may then initiate a handover with a handover request message 
sent to its serving BS (block 527). The handover request 
message may include a BR in the form of an INCBR. The MS 
may Subsequently receive a handover request response mes 
sage from the serving BS, wherein the handover request 
response message may include an indication that the target 
BS has allocated sufficient resources for the MS (block 529). 
The MS may then commence the handover with the serving 
BS and the target BS (block 531). According to an embodi 
ment, the handover may include the MS terminating its 
connection(s) with the serving BS and establishing a connec 
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8 
tion(s) with the target BS, and so on. After the handover 
completes, the MS may communicate with its new serving 
BS, formerly the target BS (block 533). MS operations 520 
may then terminate. 

FIG.5c illustrates a flow diagram of serving BS operations 
535 in a handover, wherein the total amount of bandwidth 
needed by a MS is indicated to a target BS using a second 
technique. Serving BS operations 535 may be indicative of 
operations in a serving BS, such as serving BS 507, as the 
serving BS participates in a handover with a MS and a target 
BS. Serving BS operations 535 may occur while the serving 
BS is in a normal operating mode. 

Serving BS operations 535 may begin with the serving BS 
receiving a handover request message from the MS (block 
540). According to an embodiment, the handover request 
message may include a BR in the form of an INC BR. The 
serving BS may then send a carrier allocation request mes 
sage to the target BS, wherein the carrier allocation request 
message includes the INC BR (block 542). 
The serving BS may subsequently receive a carrier alloca 

tion request response message from the target BS with an 
indication that the target BS has allocated resources sufficient 
to support the MS, i.e., the target BS has allocated resources 
to support the AGG BR (block 544). The serving BS may then 
send a handover request response message to the MS, 
wherein the handover request response message includes an 
indication that the target BS has allocated sufficient resources 
for the MS (block 546). The serving BS may then participate 
in the handover, which may include terminating connections 
with the MS and freeing resources previously allocated to the 
MS (block 548). Serving BS operations 535 may then termi 
nate. 

FIG. 5d illustrates a flow diagram of target BS operations 
555 in a handover, wherein the total amount of bandwidth 
needed by a MS is indicated to the target BS using a second 
technique. Target BS operations 555 may be indicative of 
operations occurring in a target BS, such as target BS 509, as 
the target BS participates in a handover with a MS and a 
serving BS. Target BS operations 555 may occur while the 
target BS is in a normal operating mode. 

Target BS operations 555 may begin with the target BS 
receiving a message that includes an indication of a total 
amount of bandwidth required by the MS (block 560). The 
target BS may also receive carrier allocation request message 
from the serving BS (block 562). The carrier allocation 
request message may include an indication of an INC BR 
from the MS. The target BS may then compute an updated 
total bandwidth required by the MS based on the INC BR 
from the carrier allocation request message and the total 
amount of bandwidth required by the MS (e.g., from block 
560). The target BS may then allocate carriers to provide 
sufficient bandwidth to meet the requirements of the MS 
(block 566). The target BS may then send a carrier allocation 
request response message to the serving BS of the MS (block 
568). The carrier allocation request response message may 
include an indication that the target BS has allocated suffi 
cient carriers to meet the bandwidth requirements of the MS. 
The target BS may then participate in the handover (block 

570). Participation in the handover may include the target BS 
establishing a connection(s) with the MS, and so on. With the 
connection(s) established, the target BS becomes the serving 
BS of the MS and communications between the MS and the 
serving BS (former target BS) may commence (block 572). 
Target BS operations 555 may then terminate. 

FIG. 6a illustrates a message exchange 600 in a handover, 
wherein the total amount of bandwidth needed by a MS is 
indicated to a target BS using a third technique. Message 
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exchange 600 includes messages exchanged between a MS 
605, a serving BS 607, and a target BS 609, wherein target BS 
609 is one of many target BS and is an actual target BS that 
performs the handover. 

Message exchange 600 may begin with MS. 605 sending a 
handover request message to serving BS 607 (event 611). 
Embedded in the handover request message may be a total 
bandwidth required by the MS, e.g., an AGG BR. The han 
dover request message may be in response to a message sent 
to MS 605 by serving BS 607 when serving BS 607 notices 
that a signal quality of transmissions from MS. 605 may be 
dropping. Alternatively, the handover request message may 
be in response to a signal measurement message sent to MS 
605 by serving BS 607. The handover request message may 
include a BR, in the form of an INC BR. 

Serving BS 607 may send a carrier allocation request mes 
sage to target BS 509 (event 613). The carrier allocation 
request message may include the AGG BR from MS 505 
embedded in it. Target BS 609 parse the carrier allocation 
request message to determine the AGG BR. Target BS may 
also allocate carriers to MS 605 based on the total amount of 
bandwidth required by MS 605 and return a carrier allocation 
response message to serving BS 607 (event 615). The carrier 
allocation response message may include an indication that 
target BS 609 has allocated carrier(s) for MS 605 and is ready 
to serve MS 605. A remainder of the handover may proceed as 
described previously in FIG. 3. 

FIG. 6b illustrates a flow diagram of MS operations 620 in 
a handover, wherein the total amount of bandwidth needed by 
a MS is indicated to a target BS using a third technique. MS 
operations 620 may be indicative of operations occurring in a 
MS, such as MS 605, as the MS participates in a handover 
from a serving BS to a target BS. MS operations 620 may 
occur while the MS is in a normal operating mode. 
MS operations 620 may begin with the MS initiating a 

handover with a handover request message sent to its serving 
BS (block 625). The handover request message may include 
a total amount of bandwidth required by the MS embedded in 
the handover request message. The MS may Subsequently 
receive a handover request response message from the Serv 
ing BS, wherein the handover request response message may 
include an indication that the target BS has allocated suffi 
cient resources for the MS (block 627). The MS may then 
commence the handover with the serving BS and the target 
BS (block 629). According to an embodiment, the handover 
may include the MS terminating its connection(s) with the 
serving BS and establishing a connection(s) with the target 
BS, and so on. After the handover completes, the MS may 
communicate with its new serving BS, formerly the target BS 
(block 631). MS operations 620 may then terminate. 

FIG. 6c illustrates a flow diagram of serving BS operations 
635 in a handover, wherein the total amount of bandwidth 
needed by a MS is indicated to a target BS using a third 
technique. Serving BS operations 635 may be indicative of 
operations in a serving BS, such as serving BS 607, as the 
serving BS participates in a handover with a MS and a target 
BS. Serving BS operations 635 may occur while the serving 
BS is in a normal operating mode. 

Serving BS operations 635 may begin with the serving BS 
receiving a handover request message from the MS (block 
640). According to an embodiment, the handover request 
message may include a total amount of bandwidth required 
by the MS embedded in the handover request message. The 
serving BS may then send a carrier allocation request mes 
sage to the target BS (block 642). The carrier allocation 
request message may also have the total amount of bandwidth 
required by the MS embedded in the message. 
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10 
The serving BS may subsequently receive a carrier alloca 

tion request response message from the target BS with an 
indication that the target BS has allocated resources sufficient 
to support the MS, i.e., the target BS has allocated resources 
to support the total amount of bandwidth required by the MS 
(block 644). The serving BS may then send a handover 
request response message to the MS, wherein the handover 
request response message includes an indication that the tar 
get BS has allocated sufficient resources for the MS (block 
646). The serving BS may then participate in the handover, 
which may include terminating connections with the MS and 
freeing resources previously allocated to the MS (block 648). 
Serving BS operations 635 may then terminate. 

FIG. 6d illustrates a flow diagram of target BS operations 
655 in a handover, wherein the total amount of bandwidth 
needed by a MS is indicated to the target BS using a third 
technique. Target BS operations 655 may be indicative of 
operations occurring in a target BS, such as target BS 609, as 
the target BS participates in a handover with a MS and a 
serving BS. Target BS operations 655 may occur while the 
target BS is in a normal operating mode. 

Target BS operations 655 may begin with the target BS 
receiving a carrier allocation request message from the serv 
ing BS (block 660). The carrier allocation request message 
may include a total amount of bandwidth required by the MS 
embedded in the message. The target BS may then allocate 
carriers to provide sufficient bandwidth to meet the require 
ments of the MS (block 662). The target BS may then send a 
carrier allocation request response message to the serving BS 
of the MS (block 664). The carrier allocation request response 
message may include an indication that the target BS has 
allocated sufficient carriers to meet the bandwidth require 
ments of the MS. 
The target BS may then participate in the handover (block 

666). Participation in the handover may include the target BS 
establishing a connection(s) with the MS, and so on. With the 
connection(s) established, the target BS becomes the serving 
BS of the MS and communications between the MS and the 
serving BS (former target BS) may commence (block 668). 
Target BS operations 655 may then terminate. 

FIG. 7 provides an alternate illustration of a communica 
tions device 700. Communications device 700 may be used to 
implement various ones of the embodiments discussed 
herein. As shown in FIG. 7, a receiver 705 is configured to 
receive information and a transmitter 710 is configured to 
transmit information. A message process unit 720 is config 
ured to process messages received from other communica 
tions devices. An aggregate bandwidth required compute unit 
725 is configured to compute a total amount of bandwidth 
required based on incremental bandwidth requests and a pre 
viously computed total amount of bandwidth. A message 
generate unit 730 is configured to package information into 
messages for transmission purposes. A handover unit 735 is 
configured to control operations involved in a handover. A 
memory 740 may be used to store aggregate bandwidth 
requests, incremental bandwidth requests, the total amount of 
bandwidth required, and so forth. 
The elements of communications device 700 may be 

implemented as specific hardware logic blocks. In an alter 
native, the elements of communications device 700 may be 
implemented as Software executing in a processor, controller, 
application specific integrated circuit, or so on. In yet another 
alternative, the elements of communications device 700 may 
be implemented as a combination of software and/or hard 
Wa. 

As an example, receiver 705 and transmitter 710 may be 
implemented as specific hardware blocks, while message pro 
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cess unit 720, aggregate bandwidth required unit 725, mes 
sage generate unit 730, and handover unit 735 may be soft 
ware modules executing in a processor 715 or custom 
compiled logic arrays of a field programmable logic array. 

Although the present invention and its advantages have 
been described in detail, it should be understood that various 
changes, Substitutions and alterations can be made herein 
without departing from the spirit and scope of the invention as 
defined by the appended claims. 

Moreover, the scope of the present application is not 
intended to be limited to the particular embodiments of the 
process, machine, manufacture, composition of matter, 
means, methods and steps described in the specification. As 
one of ordinary skill in the art will readily appreciate from the 
disclosure of the present invention, processes, machines, 
manufacture, compositions of matter, means, methods, or 
steps, presently existing or later to be developed, that perform 
substantially the same function or achieve substantially the 
same result as the corresponding embodiments described 
herein may be utilized according to the present invention. 
Accordingly, the appended claims are intended to include 
within their scope Such processes, machines, manufacture, 
compositions of matter, means, methods, or steps. 

What is claimed is: 
1. A method for operating a mobile station, the method 

comprising: 
transmitting, by the mobile station to a serving controller, 

a first message, wherein the first message comprises an 
incremental bandwidth request; 

receiving, by the mobile station from the serving control 
ler, a second message responsive to the first message, 
wherein the second message comprises an indicator 
indicating that a target controller, previously not having 
resources allocated to the mobile station, has allocated 
resources for the mobile station at least equal to an actual 
total bandwidth required by the mobile station as com 
puted by the serving controller, and 

initiating, by the mobile station, a handover with the target 
controller and the serving controller without receiving 
an allocation of the actual total bandwidth from the 
serving controller. 

2. The method of claim 1, wherein the first message is 
transmitted to the serving controller. 

3. The method of claim 1, wherein the first message trans 
mitted by the mobile station is a handover message. 

4. The method of claim 1, wherein the serving controller 
computes an update to the total bandwidth required by the 
mobile station inaccordance with the incremental bandwidth 
request, and transmits a third message to the target controller, 
wherein the third message comprises the update to the total 
bandwidth required by the mobile station. 

5. The method of claim 2, wherein the first message is also 
transmitted to the target controller. 

6. The method of claim 1, further comprising transmitting 
the total bandwidth required by the mobile station to the target 
controller. 

7. The method of claim 6, wherein the serving controller 
transmits a fourth message to the target controller, wherein 
the fourth message comprises the incremental bandwidth 
request. 

8. The method of claim 6, wherein the total bandwidth 
required by the mobile station is transmitted periodically, 
after a specified number of incremental bandwidth requests, 
after a specified change in the total bandwidth required by the 
mobile station, or a combination thereof. 
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9. The method of claim 1, wherein initiating a handover 

comprises: 
establishing a first connection with the target controller; 

and 
terminating a second connection with the serving control 

ler. 
10. A method for operating a serving controller, the method 

comprising: 
receiving, by the serving controller, a first message from a 

mobile station, the first message comprising an incre 
mental bandwidth request; 

transmitting, by the serving controller, a second message to 
a target controller, the second message comprising a 
bandwidth request indicating an actual total bandwidth 
requirement for the mobile station computed by the 
serving controller, wherein the total bandwidth is to be 
provided directly to the mobile station by the target 
station; 

transmitting, by the serving controller, a third message to 
the mobile station, the third message comprising a 
response to the first message; and 

participating, by the serving controller, in a handover with 
the target controller and the mobile station without the 
serving controller providing an allocation of the actual 
total bandwidth to the mobile station. 

11. The method of claim 10, wherein the total bandwidth 
requirement of the mobile station comprises a combination of 
the incremental bandwidth request and a previous total band 
width request. 

12. The method of claim 10, wherein the total bandwidth 
requirement comprises a combination of the incremental 
bandwidth request and one or more previous incremental 
bandwidth requests. 

13. The method of claim 10, wherein the total bandwidth 
requirement for the mobile station is updated each time a new 
incremental bandwidth request is received. 

14. The method of claim 10, wherein the first message 
received from the mobile station is a handover message. 

15. The method of claim 10, wherein participating in a 
handover comprises: 

terminating a connection with the mobile station; and 
freeing resources dedicated to the mobile station. 
16. A method for operating a target controller, the method 

comprising: 
receiving, by the target controller, a first message directly 

from a mobile station, wherein the first message com 
prises an initial actual total bandwidth requirement for 
the mobile station; 

receiving, by the target controller, a second message 
directly from a serving controller, wherein the second 
message comprises an actual incremental bandwidth 
requirement; 

determining, by the target controller, a Sum of the actual 
incremental bandwidth requirement and the initial 
actual total bandwidth requirement for the mobile sta 
tion; 

allocating, by the target controller, carriers in accordance 
with the sum of the actual incremental bandwidth 
requirement and the initial actual total bandwidth 
requirement for the mobile station; 

transmitting, by the target controller, a third message, 
wherein the third message comprises an indication of the 
allocated carriers; and 

participating, by the target controller, in a handover for the 
mobile station, after the allocating the carriers. 

17. The method of claim 16, wherein the target controller 
receives multiple first messages periodically, when a change 
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in the initial actual total bandwidth requirement exceeds a 
specified amount, when a specified number of bandwidth 
requests have been transmitted, or a combination thereof. 

18. The method of claim 16, wherein participating in a 
handover comprises establishing a connection with the 
mobile station. 

19. A communications device comprising: 
a transmitter configured to transmit a first message to a 

Serving controller, wherein the first message comprises 
an incremental bandwidth request: 

a receiver coupled to the transmitter, the receiver config 
ured to receive, from the serving controller, a second 
message responsive to the first message, wherein the 
Second message comprises an indicator indicating that a 
target controller has allocated resources at least equal to 
an actual total bandwidth required by the communica 
tions device as computed by the serving controller; and 

a processor coupled to the transmitter and to the receiver, 
the processor configured to initiate a handover with the 
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target controller and the serving controller without 
receiving an allocation of the actual total bandwidth 
from the serving controller. 

20. The communications device of claim 19, wherein the 
transmitter is further configured to transmit a total bandwidth 
requirement for the communications device to the target con 
troller. 

21. The communications device of claim 20, wherein the 
transmitter is further configured to transmit a third message to 
the target controller, wherein the third message comprises the 
incremental bandwidth request. 

22. The communications device of claim 20, wherein the 
transmitter is configured to transmit the total bandwidth 
required by the communications device periodically, after a 
specified number of incremental bandwidth requests have 
been transmitted, a change in the total bandwidth required by 
the communications device exceeds a specified amount, or a 
combination thereof. 


